We used immunogold-silvet staining to localize phosphoenolpyrupate carboxykinase in 10 pm ayosections of 4% paraformaldehyde perfusion-fmed normal male rat liver. The resolution and sensitivity of detection were improved by epipolazized light microscopy of 0.5 pm semi-thin plastic sections prepated from these pre-embedding immuaopldsilver-enhanced 10-pm thick crpwtions. Epiplarized light combined with transmitted light simultane-ously demonstrated antigenic sites (visualized with epipolarized light illumination) and tissue morphology (revealed by transmitted light). To optimize the conditions for high resolution, an oil immersion objective lens ( x 100) with adjustable iris diaphragm was used with different intensity smings for
Introduction
Colloidal gold (1, 2) , with its electron opaque nature and ability to adsorb protein (e.g., antibodies, enzymes) without loss of biological activity, has been used extensively as a marker for electron microscopic studies of macromolecular distributions in a variety of tissues and cells (3) (4) (5) (6) . Colloidal gold can be visualized with brightfield transmitted light microscopy to localize specific antigenic sites after the immunogold is autometallographically enhanced by silver (immunogold-silver staining; IGSS). During the procedure, the colloidal gold particles are surrounded by shells of metallic silver and become gold-cored silver grains (GSG) (7) (8) (9) (10) . Because of the rdlecting property of GSG, the antigenic sites after IGSS can be visualized with increased sensitivity using epi-illumination with polarized light (epi-pol) microscopy (11). The principle of image formation in the epi-pol microscope is based on epi-illumination of the specimen with polarized light through an objective lens. The polarized light, reflected back into the objective, is prevented from reaching the eyepieces by a crossed analyzer. However, light rotated by the specimen loses its polarization, passes a crossed anal Supported in part by NIH Grant DK 27097. * Correspondence to: Dr. K. X. Gao lyzer, and reaches the eyepieces (11) (12) (13) (14) (15) (16) (17) . The GSG in the epi-pol microscope appear as bright, shiny particles. The advantage of epipol microscopy for GSG detection is that the image can be combined with transmitted light that shows the tissue profile. Consequently, the antigenic sites and the tissue morphology can be revealed simultaneously, with better resolution and fewer limitations than with routine darkfield and fluorescence microscopy. Although not yet widely used, epi-pol microscopy has great potential for immunohistochemistry using the IGSS method. Here we report our experience in optimizing epi-pol and transmitted light conditions for better visualization of phosphoenolpyruvate carboxykinase (PEPCK) distribution in rat hepatocytes after IGSS.
Materials and Methods
Specimen Preparation. Tissue preparation and cryostat section handling have k e n described previously (18). Bridly, normal adult male Sprague-Dawley rats were anesthetized with an overdose of sodium pentobarbital (Henry Schein; Port Washington, NY) and were fixed by transcardial pcrfusion with cold 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M PBS, pH 7.4, for 15 min. Slices of fixed liver (approximately 15 X 5 X 2 mm) were rinsed with PBS and cryoprotected b y infiltration of 30% sucrose in PBS (overnight in the cold room on a shaker). Cryosections (10 wm) were collected on Digene silanated slides (Digene Diagnostic; Silver Spring, MD). The pre-embedding IGSS for PEEK was done by the method of Giffin et al. (18) . The primary antibody (goat anti-rat PEPCK) was a gift from Dr. Darryl Granner (Vanderbilt University, Nashville, TN). Its purity was determined by Western blot analysis. The IGSS procedure consists of overnight incubation of the slide in cold blocking solution [ S % normal rabbit serum, 1% bovine serum albumin, and 0.9% teleostean fish gelatin (Sigma; St Louis, MO) in 0.1 M phosphate buffer, pH 7.41; overnight incubation (4°C) with diluted primary antibody (1:lOOO in blocking solution); washes with PBS containing 0.5% Triton X-100; and a 3-hr incubation at room temperature with a gold-labeled secondary antibody, i.e., rabbit anti-goat IgG (Kirkegaard &Perry Laboratories; Gaithersburg, MD) conjugated to 5-nm colloidal gold prepared according to Morris and Saelinger (19) and diluted 1:5 in blocking solution. After washing with PBS and immobilization of the gold-conjugated antibody with 2.5% glutaraldehyde, the colloidal gold particles were enhanced with a silver enhancement kit (SE-100; Sigma, St Louis, MO) according to the manufacturer's instructions. The IGSS-processed sections were counterstained with 0.3% pyronin Y and embedded in Visio-Bond. Semi-thin sections were cut from the Visio-Bond-embedded IGSS cryostat sections according to the procedure of Gao et al. (20) .
Microscopy. The semi-thin sections were examined on a Nikon microphot-FXA light microscope with added phase-contrast optics and an IGSS polarizing filter block in an EPI-FL3 house (Nikon; Tokyo, Japan); an HBO 100 W mercury lamp was the source for polarized light. A Fluor x 100/1.3 oil Ph 4D immersion objective lens with an adjustable iris aperture (0.5-1 .3) was used for high magnification images. Different epi-pol and transmitted light intensities, individually or in combination, were evaluated using various adjustments of the objective aperture and neutral density filters (ND 2, ND 8 , ND 32), and/or colored filters. The images were recorded on Kodak Ektachrome 160 T positive color slide film with a Nikon FX-35DX camera, setting the control panel at S (standard).
Results and Discussion
Immunohistochemical localization of PEPCK antigenic sites in normal rat hepatocytes studied by conventional brightfield microscopy has been reported (18, 20, 21) . A gradient of PEPCK with a higher concentration (compact distribution) in the periportal hepatocytes and a lower concentration (diffuse distribution) in the pericentral hepatocytes are shown clearly by IGSS, with goat anti-rat PEPCK as the primary antibody and 5-nm gold-labeled rabbit anti-goat immunoglobulin as the secondary antibody (18) . No specific immunostaining pattern could be demonstrated when normal goat serum replaced the goat anti-rat PEPCK. Since the aim of this report is to define conditions of maximal resolution of GSG and tissue structure, we present only micrographs showing positive immunostaining.
The GSG, which appear as individual gold-cored granules after IGSS and represent the silver-enhanced gold-labeled antibody bound to PEPCK antigenic sites in hepatocytes, appeared in brightfield light microscopy as black particles. These particles were difficult to resolve: the signal was barely detectable in the pyronine Y-counterstained semi-thin sections (Figure 1) . Conversely, when the same field was viewed by epi-pol, the GSG appeared as bright, shiny particles ( Figure 2 ). However, the morphology, in particular the structure of the cells, was poorly revealed. When the same area was observed with phase-contrast microscopy, the GSG were even more difficult to recognize (Figure 3 ). These observations show that epi-pol microscopy is superior to brightfield or phase-contrast microscopy for detection of antigenic sites after IGSS.
Figures 4-7 are micrographs of a field of midlobular hepatocytes in a semi-thin section prepared from an IGSS thick cryosection using different combinations of light sources. Unlike the hepatocytes near the portal tract areas, which exhibit compact heavy immunostaining for PEPCK (18), the midlobular hepatocytes contain a moderate amount of dispersed PEPCK, facilitating the resolution of individual GSG. In Figure 4 , the GSG signal is visualized and the cell structure is recognizable. Optimal detection of GSG was obtained by reducing the light intensities in both epi-pol (objective iris 0.8) and transmitted light (neutral density filter ND 8). Using epi-pol (objective iris 1.3) in combination with transmitted light (ND 2) attenuated the intensity of GSG ( Figure 5 ). Nuclei and some other organelles in the cytosome could be identified. Figure 6 shows the GSG-localized PEPCK (bright dots) with epipol alone (iris = 1.3). Without transmitted light illumination, resolution of the tissue structure is poor. Figure 7 shows the effect of combining phase-contrast with epi-pol (iris = 1.3 plus phase no. Figure 1 , viewed by epi-pol microscopy (iris 1.3). The GSG are very bright (some of them, shown by arrows. cannot be seen in Figure 1) , but the tissue profile is not clear. Bar = 10 pm. Figure 3 ). Here the GSG and the cell structure are demonstrated simultaneously; haloes along the cell margins and around nuclei do not greatly affect the analysis of the information in the section. We feel that the combination of light sources in Figure 4 was optimal. Figure 7 is also acceptable, and reveals some tissue depth within the section.
Color fdters &r another option for enhancing contrast in micrographs. We have used effectively a blue filter or an orange filter in the transmitted light pathway (not shown). This can change the background color to complement the epi-pol signal but has very little effect on the resolution of detection.
Since the best image is dependent on the proper combination of transmitted light and epi-pol, it is important to have an objective lens with an adjustable iris. Usually, a dim transmitted light in combination with a middle-sized aperture of the objective lens will decrease the halo phenomenon of GSG and produce an image with maximal visualization ofthe antigenic sites and cell structure. By using the neutral density filters in the transmitted light path, one may select a satisfactory combination that maximizes the image of GSG and the tissue features after a variety of counterstainings. The epi-pol microscope has potential for high sensitivity and resolution of antigenic site detection after IGSS, especially when semi-thin sections are examined. The resolution of images obtained with semi-thin sections, especially as shown in Figure 4 in the present study, is better than similar epi-pol plus transmitted light studies with thick sections reported previously (12-15). When lo-" IGSS thick sections (18) or blood smears (13,14) were used, the light emitted from GSG out of the focal plane interfered with the sharpness of the focussed image. The 0.5-vm thin section is only 5% of the thickness of a 10-pm thick section, so that out-of-focus signals are minimized thus greatly improving image resolution.
The IGSS method has been used extensively for localization of antigenic site in different systems; in addition, IGSS after in situ hybridization has been reported (21). Epi-pol microscopy detection of gold-cored silver grains resulting from IGSS in semi-thin sections provides a valuable research procedure for high-sensitivity and high-resolution localization of antigens or probes. The optimized combination of epi-pol and transmitted light makes it possible to visualize the gold-labeled area and tissue profile simultaneously, and can benefit cytochemists who use a variety of cytological techniques to elucidate the relationship of antigens and/or nucleic acids to cell morphology.
